A single glutamic acid residue plays a key role in the transcriptional activation function of lambda repressor.
Previous experiments have suggested that negative charge is an important aspect of the activating region of lambda repressor as it is for at least one class of eukaryotic transcriptional activators. Here we randomize amino acids in the activating region of repressor and assay the function of over 100 variants. We find that acidic residues at the four solvent-exposed positions on the surface of an alpha helix (helix 2 in the structure) together comprise a strong activating region. Only one of these acidic residues, however, is critical for activation, and at this position glutamate is strongly preferred to aspartate. At the three remaining positions, certain uncharged residues (different ones at each position) function as well as or better than the acidic residues. Basic residues, however, are highly detrimental to function at all four positions. Our mutagenesis studies also suggest limitations on amino acid substitutions that allow formation of the helix-turn-helix DNA binding motif found in repressor and in many other DNA binding regulatory proteins.